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Description 



[0001] The present invention relates to an optical synthetic quartz glass having excellent light transnnlssivlty, optical 
homogeneity, and optical stability with respect to the ultraviolet ray irradiation, particularly to the excimer laser irradi- 
5 ation, which is an ultraviolet ray laser, a production nnethod thereof, and an optical member for an excimer laser using 
the synthetic optical glass. 

[0002] With a higher integration degree of the LSI, processing accuracy of the sub-micron order is required in the 
photolithography for drawing an Integrated circuit pattern on a silicon wafer. Therefore, an exposing device for drawing 
a circuit pattern is also improved. For example, a finer line width in drawing is achieved by a shorter wavelength of the 

10 power source of the exposing device or adopting the resolution enhancement techniques using interference of light. 
That Is, the light source has a short wavelength between the g ray (wavelength 436 nm) to the 1 ray (wavelength 365 
nm) of a mercury lamp, and the exposing device of the diffraction system adopts resolution enhancement techniquies 
utilizing the interference of light, such as a off-axis illumination method or a phase shift mask method. The demand for 
finer drawing is accelerated these days so that an excimer laser having a shorter wavelength is used in place of the 

15 mercury lamp. Examples of the excimer laser include a KrF laser (wavelength 248 nm) and an ArP laser (wavelength 
193 nm). Owing to the use of the excimer laser as the light source, a higher quality is required for optical members 
including a lens used in the exposing device. For example, if the light transmissivity is poor, the focal length of the lens 
or the other characteristics suffer adverse effects by the heat generation of the lens due to the light absorption, or if 
the optical homogeneity is poor, problems such as deterioration of the image formation characteristics are involved. 

20 [0003] Conventionally, an optical synthetic quartz glass is used as the material of the optical members for an exposing 
device for drawing a circuit pattern by a photolithography. The synthetic quartz glass can be produced in the direct 
method where a vapor of a highly pure silicon compound such as silicon tetrachloride (SiC^ ) is introduced directly to 
the oxygen-hydrogen flame and glass fine particles obtained by the flame hydrolysis are deposited on a heat resistant 
substrate to be a molten glass for obtaining a transparent glass or in the soot method where the glass fine particles 

25 are deposited on a heat resistant substrate as a porous material and heated in an electric furnace to be a molten glass. 
In either case, by the use of a highly pure material, the transmissivity In the ultraviolet ray region Is improved as well 
as the optical homogeneity can be maintained. In the case of an optical material made from the above-mentioned 
synthetic quartz glass, damage caused by the light did not have to be considered if the i ray of the mercury lamp is 
used as the light source of the exposing device, however, it should be dealt with if the excimer laser is used instead. 

30 The problem is derived from the pulse energy per one shot of the excimer laser, which is a pulse laser, being extremely 
large compared with a continuous light source such as the i ray (mercury lamp, CW laser, etc.). Damage caused by 
the excimer laser on a synthetic quartz glass may differ remarkably depending on the production method or the pro- 
duction conditions thereof. The damage refers to the deterioration of the laser transmissivity caused by the absorption 
in the ultraviolet region by the ultraviolet ray laser irradiation and the rise of the refractive index caused by the pemnanent 

35 compaction (contraction of the glass). The Insusceptibility to the damage is called the laser resistance. As mentioned 
above, the absorption in the ultraviolet region occurs subject to the damage. This is considered to be because of the 
paramagnetic defect derived from the intrinsic defect in the quartz glass by the light reaction. The existence of the 
paramagnetic defect derived from the laser has been observed and identified by the ESR spectrum. As examples 
thereof, the structures such as E' center (Si • ) and NBOHC (Si-O •) are known. Such a paramagnetic defect, in general, 

40 has an absorption band. For example, E' center has it at 215 nm. Furthermore, although the species of the defect has 
not been identified yet, absorption is observed also at 260 nm subject to the excimer laser irradiation. These absorption 
bands can be comparatively broad and strong. For example, in the case of the use as the light transmissive material 
for a KrF laser (wavelength 248 nm) or an ArF laser (wavelength 193 nm), deterioration in the laser transmissivity 
caused thereby poses a serious problem. In addition to the absorption in the ultraviolet region, a permanent compaction 

45 occurs. The compaction is derived from the transition to a more stable structure in a part of the quartz glass due to the 
atom recombination subject to a strong laser energy irradiation. Accordingly, the density in the irradiated portion height- 
ens to raise the refractive Index of the quartz glass material, resulting in a major influence on the image formation 
characteristics. Furthermore, due to the local density rise in the laser-Irradiated portion, the stress Is generated at the 
interface between the non-irradiated portion and the irradiated portion with the distortion so as to raise the birefringence 

50 index and affect the optical characteristics. 

[0004] Various methods have been proposed In order to solve the above-mentioned problems. Examples thereof 
include a method of having particular production conditions of a quartz glass, and a method of applying a heat treatment 
to a produced synthetic quartz glass in a particular atmosphere. As an example of the former method, Japanese Un- 
examined Patent Publications Nos. 6-199531 and 6-287022 disclose a production method with a hydrogen-excessive 

55 condition, paying attention to the gas balance In the synthetic quartz glass production. By having the hydrogen mole- 
cules dissolved as mentioned above, the paramagnetic defect caused by the laser irradiation can be compensated by 
the hydrogen molecules so that the generation of the paramagnetic defect can be restrained and thus the laser trans- 
missivity can be ensured without generating an absorption band in the ultraviolet ray region. In the method of dissolving 
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hydrogen molecules, the laser resid^^Kjmproves with a larger amount of dissolved hydl^^Bmolecules in producing 
a synthetic quartz glass. However,^^^ ^e amount of the hydrogen molecules to be ^Kolved remarkably varies 
according to not only the gas amount of a combustion gas and a combustion-supporting gas but the surface temperature 
or the surface area of the substrate to .be deposited during the growth in the direct method, it Is difftcutt to control the 
5 factor Therefore, hydrogen molecules dissolved more than intended may result in a strongly reducing property to 
generate an oxygen lacking defect or a reduced species of silicon atoms (=Si:). which provides a precursor of the 
paramagnetic defect and deteriorates the laser resistance. Although the above-mentioned method of dissolving hy- 
drogen molecules is advantageous in terms of the improvement of the laser resistance, with the laser irradiation for a 
very long time to the synthetic quartz glass having hydrogen molecules dissolved, the ultraviolet ray absorption occurs 

10 due to the dissolved hydrogen molecule consumption. Since the absorption is derived from the paramagnetic defect, 
a production method of a quartz glass for minimizing the paramagnetic defect structure is discussed. Examples of 
structures to cause the paramagnetic defect Include (i) one derived from a glass structure, such as an unstable Si02 
networtc portion, (ii) an unordered structure generated from the deviation in the stoichiometric ratio, such as Si - Si and 
SI -O-O - Si, (ili) a structure excluding silica, such as SiCI and SIOH. and (iv) an unordered structure derived from a 

15 metal impurity. Japanese Unexamined Patent Publication No. 7-61823 discloses a production method of a synthetic 
quartz glass with little amount of such a structure. The method is to have the growth ratio of a quartz glass ingot to be 
2 mm/hour or less. However, since the glass growth rate Is too low, it results In a poor productivity and a high production 
cost. Furthermore, the conventional synthetic quartz glass may generate a paramagnetic defect based on SiCI. In the 
conventional production method of a synthetic quartz glass, since silicon tetrachloride is used basically as the material, 

20 and silica fine particles are generated by the hydrolysis reaction thereof in an oxygen-hydrogen flame to have a molten 
glass, unreacted SiCI remains. The residual amount of SiCI varies depending upon the oxygen-hydrogen flame con- 
ditions, and the temperature in the growth surface, that is, the depositing and melting conditions. In general, it remains 
about 10 to 150 ppm and it Is difficult to have Its concentration less than the detection limit. In addition to the residual 
SiCI, in the conventional production method of a synthetic quartz glass, a hydrogen chloride gas is generated in the 

25 production. Since the hydrogen chloride gas is hazardous, it should be eliminated. Besides, since it erodes the device, 
an erode prevention means needs to be provided, and thus the necessity soared the production cost. 
[0005] On the other hand, optical members used in the exposing device with a photolithography technique, such as 
a lens and a prism need to have the laser resistance, in addition, it is also important to have excellent light transmissivity, 
optical homogeneity without generation of fluorescence, bubbles, or distortion, or inclusion of a foreign matter. Regard- 

30 ing the optical homogeneity, it Is required even for a member larger than a 200 mm diameter size not to have a stria, 
and to have a refractive index difference (An) of 2 x lO'^ or less. In general, in a production method of a synthetic 
quartz glass with a single burner, a material Is Introduced from one direction onto a rotating target with an oxygen- 
hydrogen flame blown so as to deposit and melt silica fine particles and thus a temperature distribution is generated 
on the growth surface. That is, a portion where directly applied with the flame has a relatively high temperature, but 

35 on the other hand, a portion on the opposite side has a relatively low temperature. Since the target is rotated with a 
predetermined rotation frequency, a certain portion has a temperature change as time passes with a cycle of a high 
temperature and a low temperature successively alternated according to the rotation frequency of the target. Glass is 
depositedand grows on the rotation axis accordingly. If silica fine particles of a high temperature are blown to a portion 
having a low temperature and re-melted, the Intertace is not homogeneous but the density and physical properties 

40 differ thereat from the microscopic viewpoint so that the interface is observed as the stria like a layer along the rotation 
axis direction. In order to restrain the stria generation, the production conditions need to be Improved. As a method 
therefor, (A) to have the temperature distribution in the growth surface homogeneous, (B) to maximize the temperature 
In the growth surface, and (C) to minimize the amount of attached silica fine particles per one rotation of the target can 
be presented. In the direct method using one burner, it is difficult to have the temperature distribution in the growth 

45 surface homogeneous. Therefore, a method of surrounding the growth surface with a heat resistant container to seal 
the heat has been proposed. However, the method has a disadvantage in that the flame is disturbed and thus a stable 
continuous growth cannot be conducted. Furthermore, in the method of maximizing the growth surface, with an ex- 
cessively high temperature, the viscosity of a quartz glass becomes too low to keep the shape of the growth surface 
and the shape differs In the distance from the burner to the target to cause an irregular quality. In the worst case, a 

50 continuous growth cannot be conducted. Besides, since a noncombustlble silicon compound such as silicon tetrachlo- 
ride is used as the material in the conventional production method of a synthetic quartz glass, the frame temperature 
of the bumer tends to be lower and thus It is difficult to maintain the temperature of the silica fine particle growth surface 
at a high level. Therefore, a large amount of a combustion gas needs to be introduced to the bumer. It results in a 
higher gas flowing rate of the burner to dent a portion which is applied to the flame of the burner directly to cause the 

55 growth surface shape change. As a result, generation of a stria becomes more liable. 

[0006] EP-A-0 747 327 describes a method for making a non-porous body of high purity fused silica glass, comprising 
the steps of: a) producing a gas stream containing a silicon-containing compound in vapor form capable of being 
converted through thennal decomposition with oxidation or flame hydrolysis to Si02; b) passing the gas stream Into 
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the flame of a combustion burner ^^B^ amorphous particles of fused Si02; c) depos^^Hie amorphous particles 
onto a support; d) exposing the amwIRup particles to a reducing atmosphere; and e) r^^g the temperature of the 
reducing atmosphere in order to consolidate said deposit of amorphous particles Into a non-porous body. 
[0007] EP-A-0 529 1 89 describes a method for making high purity fused silica through the outside vapor deposition 
s process comprising the steps of: a) producing a gas stream containing a silicon-containing compound in vapor form 
capable of being converted through thermal decomposition with oxidation or flame hydrolysis to Si02; b) passing said 
gas stream into the flame of a combustion bumer to form amorphous particles of fused Si02; c) depositing said amor- 
phous particles onto a mandrel; and d) consolidating said deposit of amorphous particles into a non-porous, transparent 
glass body; the method comprising utilizing a halide-free, organosillcon-R compound in vapor form having the prop- 
fo erties of a Si-R bond dissociation energy that is no higher than the dissociation energy of the Si-O bond; of a boiling 
point no higher than 350°C; and which, upon pyrolysis and/or hydrolysis, will produce decomposition products beside 
Si02 which are deemed to be environmentally safe or the emissions are below acceptable governmental standards. 
[0008] In consideration of the problems of the conventional production methods of a synthetic quartz glass, the 
present inventors have studied elaborately to find out that a synthetic quartz glass having excellent light transmissivity 
15 and optical homogeneity and a high laser resistance can be produced with a high productivity by using an organosila- 
zane compound as the material and introducing it into a flame comprising a combustion gas and a combustion-sup- 
porting gas to generate silica fine particles, and depositing the silica fine particles onto a rotating heat resistant substrate 
to be a molten glass, and completed the present invention. 

[0009] A synthetic quartz glass of the present invention is excellent in terms of the excimer laser resistance, in 
20 particular, the ArF laser resistance. The synthetic quartz glass is advantageous as an optical member, such as a lens, 
a prism, and a beam slitter for an exposing device for a stepper having an excimer laser as the light source. 
[0010] An object of the present invention is to provide an optical synthetic quartz glass having excellent light trans- 
missivity and optical homogeneity and a high excimer laser resistance. 

[0011] Another object of the present invention is to provide an optical synthetic quartz glass having excellent laser 
25 transmissivity and optical homogeneity and a high ArF laser resistance. 

[0012] Yet another object of the present Invention is to provide a production method of the synthetic quartz glass. 
[001 3] Still another object of the present invention is to provide an optical quartz glass member having a high excimer 
laser resistance, using the synthetic quartz glass. 

[0014] FIG. 1 is a schematic diagram showing a production method of the present invention. 
30 [0015] FIG. 2 is a schematic diagram showing the method for measuring the laser transmissivity (T). 

[0016] FIG. 3 is a graph showing the change of the laser transmissivity by the ArF laser irradiation. 

[0017] In order to achieve the above-mentioned objects, the present invention relates to an optica! synthetic quartz 

glass having an excellent excimer laser resistance and a high light transmissivity produced by vitrifying glass fine 

particles obtained by flame hydrolysis of an organodisilazane compound directly on a substrate, the glass having a 
35 birefringence index of 5 nm/cm or less, a refractive index difference (An) of 2 x lO ® /cm or less, and an ArF saturated 

absorbance of 0.05 /cm or less at a pulse energy density of ICQ mJ/cm2/pulse and a production method thereof, and 

an optical member obtained by processing the synthetic quartz glass. 

[0018] Since a synthetic quartz glass of the present invention has a birefringence index of 5 nm/cm or less and a 
refractive index difference (An) of 2 x 1 0-6/m or less, and thus does not have a distortion, and is homogeneous without 

40 having a stria, it can provide a good image formation characteristic of an excimer laser without affecting the focal length. 
Furthermore, since an ArF saturated absorbance is 0.05 /cm or less at a pulse energy density of 100 mJ/cm^/pulse 
and thus the number of unordered structures in the synthetic quartz glass is small, the excimer laser resistance for 
KrF, ArF, etc. is high. Therefore, an optical member formed therewith is advantageous as a lens, a prism, or a beam 
slitter for an exposing device for a stepper having a KrF or ArF excimer laser as the light source. In particular, a synthetic 

45 quartz glass having a hydrogen molecule content of 6 x 1 0^® molecular number /cm^ or more shows an excellent laser 
resistance with respect to an ArF excimer laser. 

[0019] The above-mentioned synthetic quartz glass of the present invention can be produced by introducing an 
organodisilazane compound represented by a general formula 1 : 



50 



(R')3SiNHSi(R\ (1) 



wherein R^ and R^ represent the same or a different alkyi group having 1 to 3 carbon atoms, 
Into a flame comprising a combustion gas and a combustion-supporting gas to generate silica fine particles, and 
depositing the silica fine particles on a rotating heat resistant substrate to be a molten glass. Particularly preferable is 
a production method according to the direct method, which is one of conventional production methods of a synthetic 
quartz glass, where silica fine particles generated by introducing a material mixed with a carrier gas into a flame com- 
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prising a combustion gas and a c^^^ion-supporting gas are blown and deposited .^^Bk rotating heat resistant 
substrate to be a molten glass. 

[0020] Examples of organodisllazane compounds represented by the above-mentioned general fonmula 1 Include 
hexamethyl disllazane, hexaethyl disllazane, and hexapropyl disllazane. in particular, hexamethyl disilazane and hex- 

5 aethyl disilazane are preferable. 

[0021] Since the organodisllazane compounds are made from a material having two silicon atoms in a molecule, 
silica can be generated by a double molar number per one molar material, a double growth rate can be achieved by 
the same injection amount with respect to a conventional production method using silicon tetrachloride as the material. 
Therefore, the material gas flow rate to be injected can be lowered to have the gas flow rate blown onto the growth 

10 surface smaller without declining the growth rate of the quartz glass so that a high temperature can be maintained 
without deformation of the growth surface. As a result, the unordered structure In the quartz glass can be maintained 
at a sufficiently low level so that a highly homogeneous quartz glass without a stria, having an improved laser resistance 
can be produced. The excimer laser resistance can be further improved by dissolving hydrogen molecules in the quartz 
glass having a sufficiently low level of unordered structures as mentioned above in a range of 5 x 10^^ (molecular 

15 number /crrfl) or more. Examples of methods for containing hydrogen molecules in the above-mentioned range Include 
a method of setting a hydrogen gas amount with respect to oxygen gas supplied to a bumer at a level larger than the 
stoichiometric ratio, and'a method of applying a heat treatment to the produced synthetic quartz glass in a hydrogen 
atmosphere as disclosed In Japanese Unexamined Patent Publications Nos. 2-64645 and 6-287022. Particularly in 
the case of producing a high quality synthetic quartz glass with little amount of structures to cause a paramagnetic 

20 defect, it is effective to have a thin growth layer of the quartz glass. Therefore, it is preferable to have the material with 
respect to the fuel gas amount by the molar ratio of 0.01 or less, more preferably from 0.001 to 0.01, or to have the 
rotation rate of the rotating heat resistant substrate of 10 to 150 rpm, or combining both thereof. With a molar ratio 
exceeding 0.01 , the amount of unordered structure cannot be reduced sufficiently. With a rotation rate of the substrate 
of less than 10 rpm, unordered structures cannot be eliminated sufficiently, on the other hand, with a rotation rate of 

25 the substrate exceeding 150 rpm, the shape of the quartz glass ingot becomes unstable, and thus neither is not pref- 
erable. As a bumer for forming a flame used in the production method, a multiple tube burner can be preferably used. 
In particular, a burner with at least triple tube Is preferable. When the multiple tube burner is used, an organodisilazane 
compound is introduced from the innermost burner with a carrier gas, and a combustion-supporting gas and a com- 
bustion gas are introduced in the outer layers, respectively. Since a glass may deposit at the tip of the nozzle of the 

30 burner In the case the supply rate of the organodisilazane compound material is low, it is preferable to provide a port 
for supplying a seal gas comprising an inert gas between a material supply port and a combustion-supporting gas port 
so as to supply the seal gas while the material gas is supplied to the bumer. Examples of the carrier gas include a 
nitrogen gas, an argon gas, and a helium gas. Examples of the combustion gas include hydrogen, methane, ethane 
and propane. Examples of the combustion-supporting gas include an oxygen gas and a gas mixture of an oxygen gas 

35 and a nitrogen gas. 

[0022] The production method of the present invention will be explained with reference to drawings. Numerals in 
FIG. 1 represent the following elements: 1 heat resistant substrate, 2 flame, 3 multiple tube bumer, 4 material bubbling 
device, 5 carrier gas introduction opening, 6 seal gas introduction opening, 7 combustion-supporting gas introduction 
opening, and 8 combustion gas introduction opening. The material vaporized and mixed with a carrier gas by the 

40 bubbling device is introduced to the central port of the multiple tube bumer. On the other hand, the combustion gas 
and the combustion-supporting gas are supplied to the bumer from the respective gas introduction opening and bumed. 
The material gas introduced into the flame comprising the combustion gas and the combustion-supporting gas is ox- 
idized to become silica fine particles and deposited on a rotating heat resistant substrate. At the same time, it becomes 
a molten glass to form a bar-like quartz glass. The bumer can be arranged such that the flame Is directed to the lower 

45 oblique direction with respect to the heat resistant substrate, or to the lower tip of the target, however, in order to 
maintain the distance between the target and the bumer constantly, it is preferable that the rotation axis direction of 
the target can be moved synchronously with the growth rate of the quartz glass. The flow rate of the carrier gas is 
adjusted by a needle valve and an ordinary floating type flow meter. But it is more preferable to control accurately with 
a mass flow controller. 

50 [0023] Embodiments of the present invention will be described hereinafter, but the present invention is not limited 
thereto. 

[0024] The following measuring methods were used to measure values In Examples and Comparative Examples 
hereinafter. 

55 i) Laser transmissivity: 

[0025] A sample was irradiated with an ArF excimer laser light (193 nm) having a pulse energy density of 100 mJ/ 
cm^ /pulse, and a repeating frequency of 100 Hz. The reflected light intensity from the sample was measured with 
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detectors (12), (14). With the reflet 
side (lout)> l^s®'' transmissivity 




It intensity on the input side (Ijp) and the reflecl| 
be calculated by the below-mentioned iomuU 




It intensity on the output 



T = Ylin/loiit 



(1) 



wherein y represents a correction coefficient, which is a value of Ij^ /lout without a sample. 
[0026] A device shown in FIG. 2 was used for measuring the laser transmissivity. Numerals in FIG. 2 represent the 
following elements: 9 exclmer laser, 10 sample, 11 input side beam slitter, 12 input side energy meter, 13 output side 
beam slitter, 14 output side energy meter, 15 data processing computer, and 16 excimer laser light. 

ii) Absorbance: 

[0027] The absorbance per a unit optical path length (cm) was calculated by the following formula (2); 



[0028] In the formula, T represents the laser transmissivity calculated by the formula (1). In this experiment, the 
sample is evaluated for 1 cm optical path length. In general, for essential evaluation of the laser resistance of silica 
glass, the contained hydrogen gas needs to be completely degassed. Because dissolved hydrogen molecules have 
an effect of improving the laser resistance , it is necessary to irradiate a laser beam in the completely degassed state 
in order to evaluate the Intrinsic laser resistance of the silica glass itself. By the ArF laser irradiation to quartz glass 
not containing hydrogen, in general, the laser transmissivity is deteriorated due to the absorption induced by the laser 
irradiation. Fig. 3 is a graph where the change amount of the absorbance calculated by the above-mentioned formula 
(2) is plotted according to the laser irradiation. Since a measuring device measures the laser irradiation light directly, 
the absorisance at the irradiation number 0 pulse cannot be calculated by the formula (2) in principle so that the ab- 
sorbance from the irradiation one to several tens pulses is substituted for the value of the irradiation number 0 pulse. 
With the irradiation condition with the energy density of about 1 0OmJ/cm^/p, substantially no difference can be observed 
even if the absorbance calculated with a laser light beam from the start of the laser irradiation to about several pulses 
is used substituted for the absorbance of the irradiation number 0. A value calculated with the transmissivity in a laser 
light beam of 193.4 nm can also be used as an initial value. The transmissivity is measured with other measuring 
devices, for example, an utlta-violet spectrophhotopmeter. Since the induced absorption increases according to the 
increase of the laser irradiation number, the value of the absortDance in the formula (2) becomes larger as well. The 
vertical axis in Fig. 3 represents the value obtained by substractfng the absorbance value of each pulse number from 
the absorbance value at the irradiation number 0 (the above-mentioned substitute value), that is, the change amount 
of the absorbance from the initial irradiation stage. The change amount of the absorbance, that is, the absorbance 
amount Induced by the laser irradiation is saturated at a certain point. In this evaluation, the change amount of the 
absorbance with the irradiation energy density per one pulse of 100 mJ/cm^/p and the frequency of 100 Hz is shown 
in Fig. 3. The laser resistance of quartz glass is evaluated by the change amount where the absoriDance change is 
saturated, which Is defined to be the saturated abosorbance. 



[0029] Striae were inspected visually with a crossed nicols polarized plate. 

iv) Homogeneity: 

[0030] The homogeneity was evaluated by measuring the refractive index difference with a He-Ne laser wavelength 
(632.8 nm). 

v) Measurement of hydrogen molecules: 



Absortsance = ( - log(T)/laser optical path length 



passing through the sample (cm)) 



(2) 



lii) Stria: 



[0031] Hydrogen molecules were measured with a laser Raman scattering spectroscopy (V. S. Khotomchenko et 
al., J. Appl. Spectroosec, 46, 632-635 (1987)). 



35 



55 
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Example 1 



[0032] The temperature of a hexamethyl disilazane liquid (specific gravity 0.774) in tlie bubbling device in FIG. 1 
was set to be 70 ^'C, and an argon carrier gas was Introduced thereto at 0.18 Nm^ /hr. With the material supply rate of 

s 500 g/hr, a hexamethyl disilazane gas was introduced to the bumer. An oxygen gas and a hydrogen gas were also 
supplied to the burner with the flow rate ratio of 0.44, so as to have a quartz glass grow on a target at the growth rate 
of about 170 g/hr. In about 60 hours, a bar-like quartz glass ingot with a 120 mm diameter and a 400 mm length was 
produced. During the quartz glass growth, shape change or growth surface dent was not observed. The hydrogen 
molecule concentration at the center part of the obtained ingot was 4.5 x 1 0^^ (molecular number/cm^). The ingot was 

10 applied with a heat treatment at 1 000 for 20 hours in the atmosphere for removing the heat distortion. Then a sample 
cut-out therefrom was examined with a birefringence measuring device to obtain a value without distortion of 2 nm/cm 
^ or less. Further, a stria was not observed visually. The refractive indices of the sample were measured with a 632.8 
nm light to seek the difference between the maximum value and the minimum value to obtain a homogeneous value 
of 2.0 X 10*^/cm or less. Results are shown In Table 1. 

15 [0033] A sample was cut out from an ingot applied with a degassing treatment of hydrogen molecules which can 
completely dissolve in the atmosphere and applied with a surface mirror finish. A glass body of a 1 0 mm thickness and 
a 60 mm diameter was produced therefrom. An ArF excimer laser was irradiated to the glass body and the saturated 
absorbance of the excimer laser light was measured. Results are shown in FIG. 3. 

20 Example 2 

[0034] In the process the same as Example 1 except that the flow rate of the hydrogen gas introduced during the 
quartz glass ingot growth was 15 Nm^/hr, the oxygen gas flow rate was 6.75 Nm^/hr. and the oxygen/hydrogen flow 
rate ratio was 0.45. a bar-like quartz glass ingot having a 120 mm diameter and a 400 mm length was produced. The 

25 ingot surface was stable without a shape change caused by a dent. The hydrogen molecule concentration at the center 
part of the obtained ingot was 4.0 x 1 0^^ molecular number/cm^. The ingot was applied with a heat treatment at 1 000'='C 
for 20 hours in the atmosphere for removing the heat distortion. The sample was examined with a birefringence meas- 
uring device to obtain a value without distortion of 2 nm/cm or less. Further, a stria was not observed visually. The 
refractive indices of the sample were measured with a 632.8 nm light to seek the difference between the maximum 

30 value and the minimum value to obtain a homogeneous value of 2.0 x 1 0'^/cm or less. Results are shown in Table 1 . 
[0035] A sample was cut out from an ingot applied with a degassing treatment of hydrogen molecules which can 
completely dissolve in the atmosphere and applied with a surface mirror finish. A glass body of a 1 0 mm thickness and 
a 60 mm diameter was produced therefrom. An ArF excimer laser was Irradiated to the glass body and the saturated 
absorbance of the excimer laser light was measured. Results are shown in FIG. 3. 



Comparative Example 1 



[0036] In the process the same as Example 1 using silicon tetrachloride (SiCl4) as the material, a bar-like quartz 
glass ingot having a 120 mm diameter and a 400 mm length was produced. In the production, conditions such as the 

40 combustion gas flow rate and the oxygen gas/the hydrogen gas flow rate ratio were as shown in Table 1 . The ingot 
surface had a shape change by a dent. In order to prevent the generation thereof, it was required to change the position 
to apply the oxygen-hydrogen flame, and stop the material supply to maintain the shape and resume the supply. There- 
fore, obvious striae were generated, and also the refractive indices difference was large. A sample was cut out from 
the obtained bar-like quartz glass ingot and completely degassed. Then it was irradiated with the ArF excimer laser 

46 as in Example 1 to measure the saturated absoriDance of the excimer laser. As shown In FIG. 3, the value was high. 

Comparative Example 2 

[0037] In the process the same as Comparative Example 1 except that the supply ratio of the combustion gas was 
50 as shown In Table 1 , a bar-like quartz glass ingot having a 120 mm diameter and a 400 mm length was produced. A 
sample was cut out from the obtained bar-like quartz glass ingot and completely degassed as in Comparative Example 
1 . Then the saturated absorbance of the ArF excimer laser was measured. As shown in FIG. 3, the value was high. 



Comparative Example 3 

[0038] In the process the same as Example 1 except that the temperature of the bubbler was set to be 75 **C , the 
material introduction rate was 850 g/hr, and the rotation frequency of the heat resistant substrate was 8 rpm, a bar- 
like quartz glass ingot was produced as in Example 1 . The molar ratio of the material with respect to the hydrogen gas 
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was 0.0118. It was comparatively cd^^^maintain the shape of the obtained ingot. and^^Vfine particles grew con- 
tinuously, however, thin layer-like were observed in the growth direction of the in^^The hydrogen molecule 
concentration at the center part of the obtained Ingot was 3.8 x molecular number/cm^. A sample was cut out 
from the obtained bar-like quartz glass ingot and completely degassed as in Comparative Example 1 . Then the satu- 
5 rated absorfoance of the ArF exclmer laser was measured. The result shows a curve similar to that of Example 1 . 



Table 1 



10 




Example 1 


Example 2 


Comparative 
Example 1 


Comparative 
Exampel 2 


Comparative 
Example 3 


Kind of the material 


HMDS 


HMDS 


SiCU 


SICI4 


HMDS 




Quartz glass 
diameter (mm) 


120 


120 


120 


120 


120 


15 


Quartz glass 
length (mm) 


400 


400 


400 


400 


400 




H2 gas flow rate 
fNm3 /ViT) 


10 


15 


25 


20 


10 


20 


Oi^ oas flow rate 
(Nm3/hr) 


4.4 


6.76 


12 


9.8 


4.4 




On n«)4/Hn nafi flow 
ratio 


0.44 


0.45 


0.48 


0.49 


0.44 


25 


Carrier gas flow 
rate (Nm^/hr) 


0.18 


0.18 


0.4 


0.4 


0.3 




Material supply 
amount (g/hr) 


500 


500 


1200 


1200 


850 


30 


Supply mol amount 


3.10 


3.10 


7.06 


7.06 


5.27 


Silica generation 
amount (mol/hr) 


6.20 


6.20 


7.06 


7.06 


10.53 


35 


Molar ratio of the 
material with 
respect to the 

combustion gas 


0.00694 


0.00462 






0.0118 




Target rotation 
frequency 


30 


30 


30 


30 


8 


40 


Hydrogen 
molecule 

concentration 
(molecular 

numhpr/cm^^ 

1 lUI 1 Wl 1 1 J 


4.5 X 1018 


4.0 X 1018 


3.2 X 1018 


3.3 X 1018 


3.8 X 1018 


45 


Glass growth rate 
(a/hr) 


167 


148 


169 


177 


275 




Visual observation 
of striae 


None 


None 


Exist 


None 


Exist 


50 


Shape of the 
quartz glass ingot 


Good 


Good 


Deteriorated 


Slightly 
deteriorated 


Slightly deteriorated 




Homogeneity 


Good 


Good 


Slightly 
deteriorated 


Slightly 
deteriorated 


Slightly poor 


55 


ArF laser 
resistance 


Good 


Good 


Poor 


Poor 


Good 




Note) HMDS Is an abbreviation of hexamethyl disilazane. 
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(Evaluation) 




[0039] As apparent from FIG. 3, the synthetic quartz glass of Example 1 is saturated at about 1 x 10^ pulse, and 
the synthetic quartz glass of Example 2 has a saturated absorbance slightly lower than that of the synthetic quartz 
5 glass of Example 1 . On the other hand, the saturated absorbance in the synthetic quartz glasses of Comparative 
Examples 1, 2 are more than double as much as that of Example 1. That is, it was learned that the synthetic quartz 
glasses of Examples have little amount of unordered structures, or the synthetic quartz glasses of Comparative Ex- 
amples 1 , 2 have much unordered structures so as to have a 1/2 laser resistance. 

10 

Claims 



1 . An optical synthetic quartz glass having an excellent excimer laser resistance and a high laser transmissivity 
produced by vitrifying glass fine particles obtained by flame hydrolysis of an organodisilazane compound directly 

15 on a substrate, the optical synthetic quartz glass having 

(a) a birefringence index of 5 nm/cm or less, 

(b) a refractive index difference (An) of 2 x 10-^ /cm or less, and 

(c) an ArF saturated absorbance of 0.05 /cm or less. 

20 

2. The optical synthetic quartz glass according to claim 1 , having a hydrogen molecule content of 5 x 1 0^^ molecular 
number/cm^ or more. 

3. A production method of an optical synthetic quartz glass comprising the steps of introducing an organodisilazane 
25 compound represented by a general formula 1 : 



(R')3SiNHSi(R% (1) 

30 wherein and R^ represent the same or different 

alkyi group having 1 to 3 carbon atoms, 
into a flame comprising a combustion gas and a combustion-supporting gas to generate silica fine particles, and 
depositing the silica fine particles on a rotating heat resistant substrate to be a molten glass. 

35 4. The production method of an optical quartz glass according to claim 3, wherein the organodisilazane compound 
is selected from the group consisting of hexamethyl disiiazane, hexaethyi disilazane, and hexapropyl disilazane. 

5. The production method of an optical quartz glass according to claim 3, wherein the organodisilazane compound 
is hexamethyl disilazane. 

40 

6. The production method of an optical quartz glass according to anyone of claims 3 to 5, wherein the combustion 
gas is a hydrogen gas, and the combustion-supporting gas is an oxygen gas. 

7. The production method of an optical quartz glass according to anyone of claims 3 to 6, wherein the molar ratio of 
^ the introduction amount of the organodisilazane compound with respect to the introduction amount of the com- 
bustion gas is 0.01 or less. 

8. The production method of an optical quartz glass according to anyone of claims 3 to 7, wherein the rotation fre- 
quency of the heat resistant substrate is 10 to 1 50 rpm. 

50 

9. An optical member for an excimer laser produced from the optical synthetic quartz glass of claim 1 or 2. 



10. The optical member for an excimer laser according to claim 9, wherein the optical member for an excimer laser is 
an optical member for an ArF laser. 

55 



EP 0 870 737 B1 



PatentansprQche 





1. Optlsches synthetisches Quarzglas mit einer ausgezeichneten Excimerlaser-Bestandigkeit und einem hohen La- 
serdurchlassigkeitsgrad, hergestellt durch Verglasen felner Glasteilchen, die durch Flammenhydrolyse einer Or- 
ganodisilazan-Verbindung erhalten wurden, direkt auf einem Substrat, wobei das optische synthetische Quarzglas 

(a) einen Doppelbrechungsindex von 5 nm/cm oder weniger, 

(b) einen Brechungsindex-Dlfferenz (An) von 2 x 10^/cm oder weniger aufweist und 

(c) eine ArF-gesattigte Extlnktion von 0,05/cm oder weniger aufweist. 

2. Optisches synthetisches Quarzglas nach Anspruch 1. wobei es einen WasserstoffmolekQI-Gehalt von 5 x 10^6 
Molekulzahl/cm^ oder mehr aufweist. 

3. Herstellungsverfahren fur ein optisches synthetisches Quarzglas, umfassend die Schritte des Einbringens einer 
Organodlsilazan-Verblndung der allgemeinen Fonnel 1 : 



worin Ri und R2 die gleiche oder eine unterschiedliche Alkylgnjppe mit 1 bis 3 Kohlenstoffatomen darstellen, in 
eine Flamme. die ein Verbrennungsgas und Verbrennungstragergas umfa3t, um feine Siliciumdioxidteilchen zu 
erzeugen, und Abscheiden der felnen Siliciumdioxidteilchen auf einem rotierenden wannebestandigen Substrat 
*zum Erhalten von geschmolzenem Glas. 

4. Herstellungsverfahren fur ein optisches Quarzglas nach Anspruch 3, wobei die Organodlsilazan-Verblndung aus 
der Gruppe ausgewahit ist. die aus Hexamethyldisilazan, Hexaethyldisilazan und Hexapropyldlsilazan besteht. 

5. Herstellungsverfahren fur ein optisches Quarzglas nach Anspruch 3, wobei die Organodlsilazan-Verblndung He- 
xamethyldisilazan ist. 

6. Herstellungsverfahren fur ein optisches Quarzglas nach einem der Anspruche 3 bis 5, wobei das Verbrennungsgas 
ein Wasserstoffgas ist und das Verbrennungstragergas ein Sauerstoffgas ist. 

7. Herstellungsverfahren fur ein optisches Quarzglas nach einem der Anspruche 3 bis 6, wobei das Molverhaltnis 
der Eintragungsmenge der Organodlsilazan-Verblndung in bezug auf die Eintragungsmenge des Verbrennungs- 
gases 0,01 oder weniger betragt. 

8. Herstellungsverfahren fur ein optisches Quarzglas nach einem der Anspruche 3 bis 7, wobei die Drehzahl des 
wSrmebestandlgen Substrate 10 bis 150 U/min betragt. 

9. Optisches Element fur einen Excimerlaser, hergestellt aus einem optischen synthetischen Quarzglas nach An- 
spruch 1 Oder 2. 

10. Optisches Element fur einen Excimerlaser nach Anspruch 9, wobei das optische Element fur einen Excimerlaser 
ein optisches Element fur einen ArF-Laser ist. 



Revendications 

1. Verre en quartz synth^tique optique pr^sentant une excellente resistance aux lasers k excimdres et une grande 
transmlssivite de lasers, produit en vitriflant des particules fines de verre obtenues par hydrolyse dans une flamme 
d'un organodisilazane directement sur un substrat, le verre en quartz synth^tique optique ayant 



(R^)3 SINHSi(R\ 



(1) 



(a) un Indice de birefringence ^gal ou inferieur k 5 nm/cm, 

(b) une difference d'indlce de refraction (An) egale ou inferieure ^ 2 x ia®/cm, et 

(c) une absorbance dans des conditions de saturation de ArF egale ou inferieure k 0,05/cm. 
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2. Verre en quartz synth^tique b{9j|^Hs^ivant la revendication 1 , ayant une teneur eq^^Hbules d'hydrog^ne dgale 
ou sup^rieure ^5x10^^ mot^^^p^cm^. 

3. Proc6d6 pour la production d'un verre en quartz synth^tlque optlque, comprenant les Stapes consistant k introduire 
5 un organodlsllazane repr^sent^ par la formula g^n^rale 1 : 

(R^3SINHSI(R% (1) 

^0 dans laquelle et R^ repr^sentent des groupes aikyte, Identlques ou diff^rents. ayant 1^3 atomes de 

carbone, 

dans une flamme comprenant un gaz de combustion et un gaz d'entretien de combustion pour engendrer 
des particules fines de sllice, et ^ d^poser les partlcules fines de silice sur un substrat thermor^sistant rotatif pour 
leur transformation en un verre fondu. 

15 

4. Proc4d6 de production d'un verre en quartz optlque suivant la revendication 3, dans lequel I'organodisilazane est 
choisi dans le groupe consistant en rhexam^thylm^thyldlsllazane, Thexa-^thyldisilazane et I'hexapropyldlsilazane. 

5. Proc^d^ de production d'un verre en quartz optique suivant la revendication 3, dans lequel i'organodisilazane est 
20 I'hexam^thyldisilazane. 

6. Proc^d^ de production d'un verre en quartz optique suivant i'une quelconque des revendications 3^5, dans lequel 
le gaz de combustion consiste en hydrog^ne gazeux et le gaz d'entretien de combustion consiste en oxyg^ne 
gazeux. 

25 

7. Proc^d^ de production d'un verre en quartz optique suivant I'une quelconque des revendications 3^6, dans lequel 
le rapport molaire de la quantity introduite de Torganodisilazane k la quantity introduite du gaz de combustion est 
^gat ou inf^rieur h 0»01 . 

30 8. Proc6d6 de production d'un verre en quartz optique suivant I'une quelconque des revendications 3^7, dans lequel 
la frequence de rotation du substrat thermor^slstant est comprise dans I'intervalle de 10 ^ 150 tr/mln. 

9. Element optlque pour un laser k excimdre, produit k partir du verre en quartz synthi^tique optique suivant la re- 
vendication 1 ou 2. 



35 



40 



45 



50 



10. Element optique pour un laser k excimdre suivant la revendication 9, 1'^l^ment optique pour un laser k excim§re 
6XanX un 6l§ment optique pour un laser k ArF. 



55 
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FIG. 3 
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